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THE EURO EFFECT ON THE INTEGRATION OF
THE EUROPEAN STOCK MARKETS*

Abstract.

Since there is not a sngle European stock market, the main objective of this work is to verify
whether the euro introduction affects the integration of the European stock markets, and to
investigate whether the integration of the European stock markets has increased dfter the
introduction of the euro. To do 0, the Vector Autoregresson (VAR) methodology is applied,
more specifically the Impulse Response Function (IRF) is edtimated. The euro has clearly
added to the pressures from technologica change and globalisation for the creation of new
dliances anong Europe's exchanges. In fact, the main conclusons of this empiricd sudy show
the following findings (1) The stock markets considered presented a high degree of integration
and efficiency before the euro. Therefore both stock prices and volatilities reflect idiosyncratic
characteristics of each stock market, and the euro does not increase the degree of correlation
between them. On returns, however, the increase of the corrdation after the euro is noticed
between the main stock exchanges: the German, French, Itdian, Dutch and Spanish ones. (2)
Insde the European stock exchanges, the German one has become a leader market after the
euro. (3) The euro area is acquiring a mgor importance with respect to the other two man
financid aress, the US$ and the ¥, and maintains its influence on the Swiss franc aea
Moreover, the nationd stock markets in Europe have reduced their dollar dependence, and
increased ther influence on the ¥ Definitey the integration in EU equity markets has been
manly evident during the 1990s, but the introduction of the euro has accderaed the intendty
of the process.
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|. Introduction.

Despite the successful introduction of the euro onto wholesale financid markets in the EMU
area on January 1, 1999, it is ill not possble to spesk of a dngle Euro-area stock market.
Securities trading traditiondly followed nationd lines. As a result, continued fragmentation
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reflects a host of national differences in market practices, laws, tax trestment and regulation. So
very specific problens arise, such as the cross-border use of collateral, which in fact impede
the genuine internationaisation of this activity across the EU. These differences, coupled with
the lack of a sngle infrasructure plaiform for the market, impose costs and inefficiencies that
prevent the full potentia benefits of a unified equity market from becoming widdy avalladle.

However, as a consequence of the introduction of the euro, which has replaced the European
national currencies, the dimination of the exchange rates will probably accelerate integration.
Moreover, recent years have seen postive progress towards financid integration in the EU with
the implementation of sngle market legidation, including the measures of the Financid
Services Action Plan (FSAP) (EC, 2002). In this sense, Abraham and Pirard (2002) present a
detaled andyss of the different dliances and patid and full mergers between severd
European stock exchanges that have been produced during the last few years.

Since there is not a sngle European stock market yet, the main objective of this work is
focused on verifying whether the introduction of the euro affects the integration of the
European stock markets. The empiricd anadyss conssts of the Euro-impact on the integration
of the European securities markets. Firdly, the differences between the nationd stock markets
in Europe are described by andysng severd characterigtics that affect the integration of the
European stock markets. Secondly, the increase of the integration of European stock markets
after the introduction of the euro is anaysed. To do o, the Vector Autoregresson (VAR)
methodology is applied, more specificdly the edtimation of the Impulse Response Function
(IRF). Some previous results are found through a corrdation anayss among stock prices and
volailities of maor world stock exchanges. The reationship between the stock price indices
before and after-euro is aso examined. Findly, the impact of the stock price movements in one
market on another isinvestigated.

The remainder of this aticle is organised as follows. Section 2 reports the previous studies
about linkages and dynamic interactions among internationad stock markets. Section 3 presents
the data and describes the stock markets studied in this work. Section 4 provides the
methodology. In section 5 the results are presented and discussed. Section 6 summarises the
main concluding remarks.

presented at the 2002 Annual Meeting of the European Association of University Teachers of Banking and
Financein Sienna (Italy) in September 2002.



I1. Financial liter atur e on linkages among national stock markets.

From a theoreticd or empiricd point of view, many dudies andyse the linkages among
nationd stock market indices. The theory of efficient markets suggests that if there are not
imperfections, a sock market index reflects dl available information, including any other kind
of information contained in other stock exchanges indices. If nationd stock markets were
integrated, the lags of the price adjustments in these stock markets would be reduced (Koch and
Koch, 1991). The empiricd results usudly tedtify to dgnificant corrdation between markets
located in near geographic areas. This is frequently attributed to a number of different factors
such as the relaxation of controls on capitdl movements and foreign exchange transactions,
improvements in computer and communication technology that have lowered the cost of cross-
border information flows and financid transactions, and expanson in the multinationa
operations of mgor corporations (whose shares are often listed on several stock exchanges),
among others. This globdisation of financid transaction has meant that stock markets are
becoming more synchronised, and the adjustment ddays in internationd prices are increasingly
shorter.

Actudly, there have been saverd dudies about linkages and dynamic interactions among
internationa  stock markets with conflicting evidence. The results vary, depending on the
choice of markets, the sample period, the frequency of observations (dally, weekly or monthly),
and the different methodologies employed to investigate the interdependence of stock markets.
The lack of interdependence across national stock markets has been presented as evidence
supporting the benefits of international portfolio diversfication (Grubel, 1968; Sharpe, 1995;
Solnik, 1995). The synoptic Textbox 1 presents a survey of the literature grouped by evidence
pro and contra the international stock market linkages, and so on in favour and againgt the euro

effect on stock markets, summarising the main authors and their results.



Textbox 1. Survey of thefinancial literature about international stock market linkages

EVIDENCE ON MARKET LINKAGES

Authors

M ethodology and main results

Grubel (1968), Levy and
Sarnat (1970), Agmon
(1972), Ripley (1973),
Lessard (1976), Panton et
al. (1976), Hilliard (1979)

- Methodology: correlation, variance-covariance or spectral analysis.
- Results: The changes in the stock price indicesin several markets are
generally related.

Philippatos et al. (1983).

- Intertemporal stability of international stock markets.
- National market indices are interrelated over time through a common factor.

Jaffe and Westerfield
(2985), Schollhammer and
Sand (1985), Arshanapalli

- The degree of international co-movements among stock price indices has
increased substantially.
- The US stock market has a considerable impact on the French, German and

and Doukas (1993) UK markets.
- The Japanese equity market performance has no links with either the US stock
market or the stock marketsin France, Germany and UK.

Eun and Shim (1989). - Methodology: VAR.
- Results: substantial cross-country interactions and an influential rolefor the
US market.

Meric and Meric (1989), - The longer the time period the greater the degree of stability among

Asan and Naka (1996). international stock market relationships.

Hamao et al. (1990),
Susmel and Engle (1994),
Booth et al ., (1997).

- Methodology: ARCH models.
- Results: linkages and spilloversin stock markets.

Ayuso and Blanco (2000).

- Methodology: GARCH model for each of theresidual series of the VAR
model to analyse the sensitivity to cross-border determinants of stock prices.
- Results: the linkage of USA, Japan, UK, French, Italian, Spanish and German
markets has increased during 1995-99 compared to 1990-94.

Moreno and Olmeda
(2002).

- The European markets have been more integrated during 1999-2001.
- The German stock market hasincreased its |eadership into the Euro-area,
because of its predominant role in European monetary policy.

EVIDENCE AGAINST MARKET LINKAGES

Authors M ethodology and main results
Roll (1988), Dwyer and -The timing and magnitude of falls differ across markets around the world.
Hafer (1988) - No evidence that the levels of stock price indices for the US, Japan, Germany
and the UK are related.
Maldonado and Saunders | - Theintertemporal relationships between correl ation coefficients are unstable —

(1981), Chanet al. (1992).

stock market indices are not co-integrated.

DeMiguel et al. (1998),
Moreno and Olmeda
(2002).

- Methodology: VAR.

- Results: for the 1995-97 period, the stock market indices were hardly
correlated. In contrast, they tested autoregressive components for the
volatilities. The stock market indices (daily prices) among EU northern and
central countries were more correl ated than among southern countries and than
between northern and southern countries.

- The northern and the central stock market indices have long-term links, as
well as the Mediterranean stock exchanges.

There are severd reasons why different countries stock prices may have a dgnificant long-
term reationship. Mot empirical studies —including those cited in Textbox 1—, describe the
datigticd dependencies across stock markets but do not attempt to identify or discuss the
economic reasons for such dependencies. The presence of srong economic ties and policy



coordination between countries, such as hgppens in the EU and EMU, can indirectly link ther
dock prices over time. With technologicd and financid innovation, the advance of
international  finance and trade, and deiberate regiond and globd co-operation, the
geographicd divide among various nationa stock markets are less obvious (Gelos and Sahay,
2000). Jeon and Chiang (1991) mention deregulation and market liberdisation measures, rapid
developments in communication technology and computerised trading systems, and incressing
activities by multinational corporations as factors contributing to such integration. In addition,
the EU implies the formation of a common trading bloc and the introduction of the euro means
the development of an integrated economic sysem. For al these reasons, closer linkages

between stock markets within European countries are expected.

I11. Data and descriptive analysis.

The equity markets included in this study are the 16 biggest and longest established ones in
Europe, plus the US and the Japanese stock exchanges. The European stock markets include the
Swiss equity market and the 15 EU equity markets, which are the 12 Euro-area markets
(Audrian, Bdgian, Finnish, French, German, Greek —since 2001—, Irish, Itdian, Luxembourg,
Dutch, Portuguese and Spanish), and the Danish, Swedish and UK stock markets. Therefore,
the dependencies among the Euro-area stock exchanges, the EU markets, and the other three
financid aress equity markets —the US dollar (US$), yen (¥), and Swiss franc (SF) — are
anaysed.

The moddling of returns results in the loss of important information on possble common
trends when prices are co-integrated. To resolve this problem, the dependencies in dally stock
prices are sudied usng co-integration techniques (VAR). The data used in this empirica
andyss ae the latest daily equity indices prepared by Morgan Stanley Capitd Internationd,
Inc. (MSCI), which are widely applied in the financid literature' (Table 1 presents the stock
market indices employed in this sudy). To consruct an MSCI Country Index, which is
representative of the national stock markets, every liged security in the market is identified,
and data on its price, outstanding shares, sgnificant owners, free floa, and monthly trading
volume are collected. The securities are then organised by industry group, and stocks are

sHected, targeting 60% coverage of market cepitdisation. Selection criteria include: sze, long-



and short-term volume, cross-ownership and float. By targeting 60% of each industry group,
the MSCI index captures 60% of the totd country market capitdisation while maintaining the
overdl risk gdructure of the market —because industry, more than any other sngle factor, is a
key characterigtic of a portfolio or a market—.

Table 1. Stock market Price Indices

Financial areas | MSCI Equity Indices | Variable Financial areas | MSCI Equity Indices | Variable

Austria AUS European Union | Denmark DEN

Belgium BEL (EV) Sweden SWE
Euro-area or Finland FIN United Kingdom UK
European | France FRA Other Financial [Japan JAP
Monetary Union | Germany GER areas Switzerland SWI
(EMU) Greece GRE USA USA

Ireland IRE

Italy ITA

Luxembourg LUX

Netherlands NET

Portugal POR

Spain SPA

The currency for every series of data is the US dollar to avoid the effect of the exchange rate.
Roll (1992) suggests that equity index behaviour is affected by two factors the technica
procedure of index congtruction and compostion, and the role of exchange rates. When indices
ae expresed in a naiona currency, pat of the index voldility is induced by monetary
phenomena such as changes in anticipated and actua inflation rates. To avoid interpretation

problems the equity indices are denominated in acommon currency, USS$.

The time period congdered in this sudy is from 30 April 1997 to 23 May 2002 (1,321
observations) in order to anadyse dependencies during ‘norma’ market conditions (by omitting
the maor financid criss periods, because a finahcid market criss can lead to dramétic
changes in invesment behaviour). As the am of this work is to verify whether the euro has
accelerated the integration between the European equity markets and what its effects are on
other stock exchanges, the tota sample has been segmented in two sub-periods. The firgt sub-
sample includes the pre-euro period (from 30 April 1997 to 31 December 1998, 436
observations), when stock transactions are in each European nationa currency. The second sub-
sample incdudes end-of-day stock price indices ranging from 1 January 1999 to 23 May 2002
(885 observations) —for the post-Euro period—.

1 MSCI indices are the most widely used benchmarks by global portfolio managers. According to a survey
conducted by Pensions & Investments, over 90% of international institutional equity assets in the US are
benchmarked to MSCI Indices.



Table 2 gives some descriptive datistics on the stock markets in the 18 countries. The Swiss
Stock Exchange has the largest market vaue per GDP of dl markets andysed. The EU stock
markets capitaisation was about 100% of GDP in 1999, but the range went from 16.9% in
Audria to 198.3% in UK. The maket capitdisation of shares lised on the Euronext stock
Exchange (Brussdls, Paris and Amsterdam) exceeded $1.8 hillion (GB) at the end of 2001 and
more than 1,500 companies were quoted. In Germany, the market value of shares quoted on the
stock exchange exceeded $1 billion (GB) and amost 1,000 companies were listed. The market
copitaisation of shares listed on the London Stock Exchange exceeded $2 hillion (GB) and
more than 2,000 companies were listed. However, the average 15 EU market capitaisation was
dill more or less haf of the New York Stock Exchange (NYSE). The average company size
a0 differed among the European countries and between these as a whole (with an average sze
of $1,003 millions) and the average size of US companies ($5,687 millions). In contrest, the
vadue of share trading was dmogst amilar in the EU stock markets and in the NYSE. In these
comparisons, however, severa cautionary notes should be consdered. For example, the
average sze of the effective listed companies in Spain is gregter that the Size shown in Table 2,
and it would be more smilar to the Itdian average Sze if the large number of Spanish smdl
invesment firms (with very little liquidity) were not induded. The vaue of share trading
presents a podtive bias in Germany and the Netherlands (euro-zone), Sweden, Denmark and
UK (EU-zone) and US Nasdag, where dl transactions among deders are counted; againgt the
rest of the stock exchanges considered, which only compute the changes of share ownership.



Table 2. Background information on equity markets

Pand A Market value [No. of companieswith shareslisted Capitalis. of shares| Average |Value of sharetrading (Total, incl.invest. funds) (US$ mill)
2001 divided by Total | Domestic | Foreign | Of domestic Cies. |comp. size Total Domestic | Foreign Investment
GDP,1999 Cies. Cies. [(Excl.Funds) ($mill){ (US$ mill) Cies. Cies. Funds
AUSTRIA (Vienna) 16.90 113.C 99.0 14.0 25,204.3 254.6 7,699.6 7,340.0 359.6 0.0
BELGIUM (Euronext Brussels) 78.85 265.0
FRANCE (Euronext Paris) 111.12 966.0 1,132.0 491.0 1,843)528.6| 1,628.6] 3,179,788.8] 3,150,417.7 19,432.7 9,938.4
NETHERLANDS (Euronext Amsterdam) 187.71 392.0
FINLAND (Helsinki) NA 155.0 152.0 3.0 190,455.8 1,253.0 181,568.4] 180,051.5 1,516.9 0.0
GERMANY (Deutsche Borse) 72.08 983.0 748.0 235.0 1,071,748.7  1,432.8] 1,441,633.0 1,305,670.4] 135,962.6 0.0
GREECE (Athens) 157.38 314.0 313.0 1.0 83,481.3 266.7 37,7814 37,1584 42.9 580.1
IRELAND (Irish) 58.10 87.0 68.0 19.0 75,297.8] 1,107.3 22,735.6 22,5394 196.2 0.0
ITALY (ltaly) 66.11 294.0 288.0 6.0 527,467.3] 1,831.5( 1,558,881.5 1,501,947.1 56,934.4 0.0
LUXEMBOURG (Luxembourg) 197.68 257.0 48.0 209.0 23,782.8 495.5 700.1 434.0 4.2 261.9
PORTUGAL (Lisbon) 58.49 99.0 97.0 2.0 46,337.6 477.7 27,601.5 27,459.9 50.6 91.0
SPAIN (Madrid) 77.04 1,480.0 1,458.0 22.0 468,203.2 321.1 842,227.1]  839,230.0 2,997.1 0.0
12 Euroc-area equity markets 98.31 5,405.0 4,403.0| 1,002.0 4,355,507.4 989.2| 7,300,617.0(7,072,248.4| 217,497.2 10,871.4
DENMARK (Copenhagen) 60.54 217.0 208.0 9.0 85,145.0 409.4 72,365.4 66,129.5 1,275.6 4,960.3
SWEDEN (Stockholm) 156.39 305.0 285.0 20.0 236,514.4 829.9 386,730.1) 304,731.0 81,999.1 0.0
UK (London) 198.29 2,332.0 1,923.0 409.0 2,164,716.2 1,125.7] 4,550,503.6| 1,877,165.0| 2,651,441 21,897.7
15 EU equity markets 106.91 8,259.0 6,819.0| 1,440.0 6,841,883.0| 1,003.4|12,310,216.1(9,320,273.9| 2,952,213 37,729.4
SWITZERLAND (Swiss) 267.46 412.0 263.0 149.0 527,374.6|  2,005.2 594,935.7| 577,369.8 14,727.1 2,838.8
USA (NYSE) 180.78 2,400.0 1,939.0 461.0 11,026,586.5")|  5,686.7| 10,489,322.5| 9,601,646.6] 787,244.3 100,431.6
JAPAN (Tokyo) 104.74 2,141.0 2,103.0 38.0 2,293,841.5( 1,090.7| 1,660,525.2| 1,656,317.3 400.2 3,807.7
Average Average Number of | Number of [Turnover velocity| Concentration of 5% 2000 2000/90 | 2000/99
Pand B Amount Traded| Valueof [transactionsin| shares [of domestic shares| most capitalised Stock price | Stock price
an per day (US$ | Transactions|equity shares| traded | (calculated with [ domestic companies D'Gr'gssd index ) index
2001 millions) (US$miles) | (inmiles) | (millions) | monthly figures) sy ~aa N cies|PER % Y:led ((eg}o) Cumulative [change (%)
chanae (%)

BELGIUM (Euronext Brussels) 14.5% 2.9% 72.60% -5.02%
FRANCE (Euronext Paris) 12,518.9 58.7] 54,136.0 49,555.0 138.4% 76.3% 57 NA 1.6% 73.48% -1.04%
NETHERLANDS (E.A msterdam) 21.3% 1.9% -- -3.87%
FINLAND (Helsinki) 729.2 56.8 3,196.0 11,3985 99.2% 84.2% 8 NA 2.5% 92.33% -10.60%
GERMANY (Deutsche Borse) 5,698.2 17.2 84,000.0 32,832.0 118.3% 66.1% 37 NA NA 78.27% -7.54%
GREECE (Athens) 150.5] 2.5 15,130.0 7,033.7 42.1% 57.1% 16| 27.5% 10.3% 72.50% 38.77%
IRELAND (Irish) 89.9 120.3 189.0 4,242.0 23.6% 55.1% 3| 17.1% 1.5% 79.00% 12.84%
ITALY (ltaly) 2,818.3 16.0 44,265.0 140,247.7 113.4% 62.8% 14 NA NA 73.02% 5.37%
LUXEMBOURG (Luxembourg) 2.8 27.8 348 29.7 1.7% 60.6% 3 NA 2.0% 74.91% NA
PORTUGAL (Lisbon) 111.7 10.5 2,640.9 7,316.9 53.3% 62.4% 5 NA 1.4% 74.55% -8.21%
SPAIN (Madrid) 3,368.9 27.2 30,935.5 77,7310 175.8% 68.7% 73| 18.6% 1.7% 74.65% -12.68%
12 Euro-area equity markets 2,552.0 35.7| 234,920.8( 330,756.6 79.4% 63.1% 22.1| 18.4% 2.8% 68.67% 0.06%
DENMARK (Copenhagen) 290.6 34.5 2,097.0 2,895.0 66.6% 66.5% 10 NA NA 65.29% 17.06%
SWEDEN (Stockholm) 1,546.9 36.4 10,628.0 47,044.0 119.4% 67.0% 14 26.0% 1.7% 81.73% -12.02%
UK (London) 17,986.2 139.3 32,668.0] 901,527.4 83.8% 83.6% 96| 23.3% 2.2% 65.55% -10.21%
15 EU equity markets 3,421.1 43.0 280,313.8|1,282,222.9 81.4% 66.4% 25.9] 19.8% 2.7% 69.14% -0.32%
SWITZERLAND (Swiss) 2,379.7 62.4 9,530.0 1,775.9 93.9% 82.7% 13[ 17.0% 1.7% 83.84% 11.91%
USA (NYSE) 42,295.7 309 339,104.8] 307,509.3 86.9% 63.8% 97| 25.2% 1.2% 72.52% 1.01%
JAPAN (Tokyo) 6,750.1 NA NA| 204,194.0 60.0% 62.5% 105 85.5% 1.0% -35.05% -25.46%

) I market capitalisation of shares listed on Nasdaq ($2,739,674.7 millions) is added, total market capitalisation (NY SE and Nasdaq) is 13,766,261, 2.
") Name of Indices: Euro area: Vienna SE Index; Spot Return Index (All Share); SBF 250; CBS All Share; HEX; DAX Return; ASE General price Index; ISEQ Overall; MIB Historical; Shares
Price Index; BVL; General Index. Other EU: Total Share Index; SX General, FT SE 100. ExtraEU: Swiss Performance Index (SPI); NY SE Composite; TOPIX.
Sources: IMF International Financial Statistics 2000 and International Federation of Stock Exchange (FIVB).

NA: Not Available




The Euro-area stock exchanges are rdatively closed in terms of the trading value of foreign
companies (it represents 3.0% of the totad value), and to a lesser extent in terms of ther
number of foregn companies with shares lised. By vaue of foreign share trading, the most
open market is the London stock exchange, where 17.5% of listed companies are foreign, and
the vaue of ther share trading exceeds 58.3% of the totd vaue. Then comes the Swedish
sock market with a vaue of foreign share trading of 21.2% of the tota, and findly, the
German market, where the vaue of foreign share trading reaches 9.4% of the totd vaue By
number of foreign companies with shares lised, the most open dock exchange is the
Luxembourg one, where the foreign companies quoted on it represent 81.3% of the total®, but
their value represents only 0.6% of the total trading value. On the other hand, the least open
sock exchanges, from this point of view, are the Japanese, Greek, Portuguese, Spanish and
Finland equity markets.

The differences between the average amount traded per day in each country, which exceeds
$42,000 millions in the US and is about $2,500 millions in the 12 euro-area equity markets, is
adso noted. Among the European stock exchanges these differences are even higher (eg. $2.8
million in Luxembourg, and 17,986.2 million in UK) (see Pand B, Table 2). The mgor
market capitdisation, the large number of companies with shares lisged, and the minor
concentration of the most capitdised companies could improve the stock market efficiency
(e.g. Japan, US and UK). But the concentration of the most capitalised companies is different
in each country. Switzerland, Sweden, Luxembourg and Greece have important stock
markets, but they are too concentrated in their most capitalised companies.

Moreover, the European equity markets show different performances. It is worth pointing out
the relative under-performance of the euro-area markets compared to that of the US. In 2000,
most of the European country indices lost ground compared to the US, except the Greek,
Irish, Denmark and Italian stock markets (see Panel B, Table 2). A large rise in the Greek
market was explained in part by prospects for convergence with the single currency area and
by the reative low leve of the darting point. In the Irish market, the economy’s growth
played an important role in its high performance. Moreover, the convergence aso benefited
Irdand and Luxembourg. During the whole 1990-2000 period, both the European and US
markets showed important incresses, with the sole exception of the Audrian market. For this

2 The EU markets average, the euro-area markets average and the US stock market present almost similar
percentages (range 17.4-19.2%). But there are great differences within the EU equity markets (range 0.3 in
Greeceto 81.3 in Luxembourg).
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period, the Finland stock market was the best performer, with a cumulative index change of
92.33%, maybe because it was mainly led by the telecommunication sector.

1V. Empirical analysis: M ethodology and main results.

The methodology used in this sudy manly condsts of a Vector Autoregresson andyss
(VAR). Whether the integration of European stock markets has increased after the
introduction of the euro is investigated by edtimating the Impulse Response Function (IRF)
and through the variance decompostion. Appendix 1 of this aticle presents more details
about the methodol ogy.

A. Corrélation analyses.

Firgly, the degree of market integration is based on the computation of the correation
between the stock price indices, the voldtilities and the returns between the 18 stock markets
sdected (see Table 1). In order to andyse whether they will be more integrated after the euro
than previoudy, the totd sample is divided into two sub-samples: one sub-sample includes the
national stock market indices for the pre-euro period (from 30 April 1997 to 31 December
1998) and the other includes the same indices for the post-euro period (from 1 January 1999
to 23 May 2002). This gpproach is based on rather smple intuition: the more integrated
markets are, the higher the co-movement between their prices. In this connection, appendix
2A shows the corrdation matrix of daily stock prices of the 18 sdlected stock exchanges
during both periods (before and after the euro). As the price corrdation matrix shows, after
the euro the corrdation has only increased in 37 out of the 153 possible combinations, with
the Jgpanese stock exchange accounting for the remaning 17 cases. On average, the
correlation between these price indices decreased from 0.70 during the 1997-98 period to 0.66
during 1999-2002 (this average correlation only between EU markets went from 0.68 to 0.65).

Appendix 2.B provides the correation of daly returns on the 18 sdected stock exchanges
during both periods. After the euro, the corrdation of the returns on the French and German
stock exchanges has increased (more than 21%), as well as the correlation of the man
European stock markets (eg. the returns on the German and Italian markets are dmost 17%
more correlated). In addition, after the euro, the Dutch, Spanish, and Italian stock markets are
adso more rdlated among themselves and with the rest of the markets, according to ther

returns corrdations. On the other hand, the corrdation of returns on the German and US stock

11



exchanges has increased more than 30% after the introduction of the euro. However, on
average, the correlation of returns on al sdected stock exchanges maintained more or less the
same leve (0.47 during 1997-98 and 0.40 during 1999-2002). Findly, appendix 2.C presents
the corrdation matrix of volatilities between the different stock markets. On average, the
correlation of volatilities has decreased 0.07 points (from 0.70 in the pre-euro period to 0.63
in the post-euro period). On the other hand, the average correlation of voldtilities between the
euro-area sock markets has only declined from 0.64 to 0.60 since the introduction of the euro.
Given that, it is reasonable to think that, according to this indicator, the degree of market
integration is lower pogt-euro. However, the euro has revived the integration process of the
Luxembourg stock exchange with the rest of the exchanges, as the high increese of the

average correation of volatilities shows.

The weak results of these corrdaion analyses could be explained by a previous high leve of
correlation between the European equity indices before 1 January 1999. Indeed, before the
introduction of the common currency there have been in Europe severa previous attempts at

sock market integration, as well as a relaxation of controls on capitd movements and foreign
exchange transactions, improvements in computer and communication technology that have
lowered the cost of cross-border information flows and financid transactions, and a expanson

in the multinational operations of mgor corporations. Moreover, this evidence can not be
conddered as supporting the view of a lower degree of financid market linkages as it is well

known that the lower corrddion is nether a necessary nor a sufficient condition for smaller
market integration (Adler and Dumas, 1983). If makets are completdy integrated and,
therefore, there are no arbitrage opportunities, returns on different assets can be divided into a
common component and an idiosyncraic one. The latter, however, may be sufficiently
important as to render ex post correlation rather low.

B. Vector Autoregression analysis (VAR).

This gpproach is built on the previous one and is amed a messuring to what extent the price
indices of other markets can help to explain the index vaues of one particular market. Table 3
shows the main results of this gpproach, which conssts of a comparison between the (sum of
squared) resduds of a smple univariate autoregressve modd for each index and the (sum of
squared) residuas of a VAR modd for the 18 stock exchange indices considered®. First of al,

3 Using returns on the different stock exchanges in this analysis, the results are less significant, because
modelling of returns results in the loss of important information on possible commo n trends when prices are co-
integrated.
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it has to be noted that the 18 markets consdered do not share common trading hours and
consequently implications cannot be drawn from comparisons between countries within the
same period*. Neverthdess, we are not interested in a comparison between countries within
the same period but in a comparison of different periods for the same country. Yet there is no
reason to think that the implications of the different trading hours —whatever they might be-
have changed &fter the introduction of the euro.

Table 3. The explanatory power of the other market indices on the own market index (daily data)

Before Euoperiadi AUS | BEL FIN | FRAN | GER | GRE IRE ITA LUX
No. Observ.: 436
q: 17
SRR univ (1) 7437744 1018859 1602647| 8328774 1708553 371793 9519 17541.2§ 3
SRRVAR (2) 6746547 90577.43 14066.23| 75440.47] 139896.2| 33083.25 8262 15374 3234
(D-(2)(1) 9.20%| 1110%| 12.23%|  942% 1812%| 11.02%| 1321%| 12.36%  9.77%
NET POR SPA UK DEN SWE SWI USA JAP
SRR univ (1) 366963 2.286] 1292745 62647559 2661434] 1116295 457872.2| 5966956 760798
SRRVAR (2) 322933.3 2005 115458 5434947 2361784] 970543.7| 3904689 5424654 7111186
((D-(2N/(1) 120000  1232%| 106461  1325%  11.26%| 13.06%| 14.72% 9.09% 6.53%
After-Euro period:
99/1/1 - 02/5/23 AUS BEL FIN FRAN GER GRE IRE ITA LUX
N. observ.: 845
q: 34
SRR univ (1) 6016041 221862.8| 5814183 3043415 3868133 132934.3| 1465395 259139 1486227
SRRVAR (2) 5490555 196152.9) 4550451 2489679 3330019 118374.2] 12208.25 2288845 128572.6
(D-(2)/(1) 8.73%| 115%%| 21.74%| 1819% 1391%| 1095%| 16.69%| 11.68% 13.49%
NET POR SPA UK DEN SWE SWI USA JAP
SRR univ (1) 532415 1.983| 22844.31| 1386284 598401.2| 6897006 563747.4] 215130.2 1336809
SRRVAR (2) 443111.9 1.732| 20191.22| 1142373 5167483 5540466 4940469 193854.2 1069897
((D)-(2)/(1) 16.77%|  1267%| 1161%| 17.59% 1365%| 1967%| 12.36%|  9.89% 19.97%
Notes: g is the number of new regressors in the VAR when compared with the univariate model.

SRR: Sum of squared residuals.
Source: Own elaboration based on MSCI (Morgan Stanley Capita International) Equity Indices.

According to Table 3, during the pre-euro period, the sum of the squared residuas was
reduced, on average, by 11.63% when other market indices are taken into account to explain
the behaviour of the equity index vaues. After the introduction of the euro, the reduction
amounts to 14.51%, thus reveding a higher average degree of linkage between the markets
consgdered. This mgor linkage, however, could be overestimated in Table 3, given that the
VAR gpproach adds only 17 parameters to each univariate model during 1997-98 whereas 34
parameters are added during 1999-2002. So for the post-euro period, the VAR modd includes
two lags, whereas for the pre-euro period a sngle lag is sufficient to diminate any resdud

* For example, the relatively low improvement ratio for the US stock exchange could be due to the fact that this
is the stock exchange that closes the latest each day, thus being open to news that arrives when other stock
exchanges are closed.
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autocorrelation.  Accordingly, regarding the univariale modd, the VAR adds 34 more
parameters (2 lags x 17 countries) during the second period and only 17 (1 lag x 17 countries)
during the firg.

Furthermore, the improvement of the explanatory power of other indices on the own equity
index due to the introduction of the euro is not uniform across the 18 countries, 5 out of 18
even show a decrease (Audria, Germany, Greece, Ity and Switzerland). So after the
introduction of the euro, the degree of linkage between these markets is lower than pre-euro.
It could be explained, in part, because the German, Audrian and Swiss markets had aready
darted an integration process through the DM; and the Italian market, with a great weight of
listed foreign companies, isinternationalised.

Only on the euro-area exchange indices average, excluding the Greek market because Greece
joined the euro on 1 January 2001, before the euro the sum of the squared residuds reduced
by 11.86% when other market indices are taken into account and after the euro, this reduction
rises to 14.28%. So the euro affects the integration of the 18 nationa stock markets chosen
even more than it does these 11 euro-area stock markets (the increase of the explanatory
power of the other market index values, on average, is 2.87 points when al stock markets are
consdered, and 2.42 points when only these 11 euro-area markets are included).

B.1. Tedting for Granger causdity.
Granger (1969) causdity tests dlow the exisgence of short-run causation reationships

between the stock market indices to be identified. The explanatory power in a regresson of
one stock market index y; on lagged vaues of y; and x; (another stock market index) is tested.
The appendix 3 shows the reaults of this causdity test (with two lags) in both periods
considered. The test of the null hypothess, H, that one stock market does not Granger cause
another stock market can be based on smple F tests in the sngle equation of the VAR modd.
In both periods, as Fdaigtic vaues show in the appendix 3, the hypothess that the US stock
exchange does not Granger cause the rest of the stock exchanges considered is rgjected at 5%
sgnificance level. So lagged vaues of US equity index are explanatory for dl of the equity
indices in the system; the US stock exchange is the most exogenous to the system.

The reaults indicate that in the second period, insde the euro-area stock markets, the German,
Belgium, Itdian, Luxembourg and Finland equity indices Granger cause more stock markets
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than they did in the first period. However, the Spanish, Irish and Dutch stock exchanges have
logt explanatory power on some of the stock exchanges andysed during the after-euro period,
while the euro has hardly affected the explanatory power of the Austrian, French, Greek and
Portugal stock markets on the rest of markets. In addition to this, during the second period,
lagged values of the Swedish, Swiss and UK stock market indices Granger cause a minor
number of stock markets. So, according to this causdity test, the euro does not increase the

integration of these extra euro-area markets.

The increase of the explanatory power of the Japanese market, which Granger causes 13 stock
exchanges of the 17 sdected after the introduction of the euro is noticed. Therefore, in this
period, it appears that Granger causdlity also runs the other way: fom al stock exchanges to
the Japanese one.

B.2. Co-integration and long-run equilibrium relationships.

Given a group of nonddionary series we may be interested in determining whether the
series ae co-integraed, and if they ae in identifying the co-integrating (long-run
equilibrium) rdaionships. VAR-based co-integration tests using the methodology developed
by Johansen (1995) are implemented. Johansen’'s method is to test the restrictions imposed by
co-integration on the unrediricted VAR involving the series,

An unredtricted VAR does not assume the presence of co-integration. Because of tha, the
Johansen co-integration test should be run to confirm that the variables are not co-integrated,
and so there is not any vector error correction model (VEC). The bivariate perspective is
adopted to anayse the long-run reationships among the indices, which condsts of testing the
cointegration between each equity index and each one of the other indices, because if dl
indices andysed are included, the multivariate VEC would be over-parametric. For reasons of
brevity, the results are not shown, but for nether of the two sub-samples, there are any co-

integrating equations a 1% sgnificance leve.

B.3. Effect of stock exchange shock on other stock exchanges. |mpulse response function.

The impulse response function identifies the effect of a one standard deviation shock in one
dock exchange to one of the innovations on current and future vaues of other stock
exchange. An edimae was made of the impulse response functions of the different stock

markets considered to innovations in each one of the other markets. Figure 1 shows the graphs
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that represent the impulse response of each country to a single shock in each one of the rest of
the markets during the pre-euro period. Figure 2 presents the same IRF for the second sub-
sample (post-euro sample). Both figures only show the graphs of the impulse response
functions of the main sock exchanges andysed, and the aranging to introduce them in the
VAR modd consists of incorporating the stock markets arranged by trading hours, according
to the previous financid literature (Moreno and Olmeda, 2002). So firdly German stock
market; then, in this order, French, Itdian, Spanish and UK sock exchanges (dthough dl
European markets open at the same time), and lastly the US stock exchange.

As a generad concluson of these results, after the introduction of the euro, the German stock
market has increased its influence on the rest of the markets, both European and non
European. But the effect of one German market innovetion on the euro-area stock markets
during the after-euro period is even higher than the effects of own time innovations in these
European makets on themsdves Moreover, the impulse response of the different stock
exchanges to one US exchange shock has hardly been reduced after the introduction of the
common currency. In contrast, the effect of one French exchange shock on the different
markets analysed has been reduced as a consequence of the introduction of the euro.

B.4. Variance decompositions

Variance decomposition decomposes variaion in one sock market (endogenous variable) into
the component shocks to the stock markets considered (endogenous variables in the VAR).
The variance decomposition gives information about the reative importance of each random
innovation in astock market to the rest of the stock markets (variablesin the VAR).

Table 4 presents the results of the variance decompostion for each stock market (for the lag
3) before and after the introduction of the euro. The results show the redive importance of
eech maket innovation to each market individudly, during both periods. The remaning
columns give the percentage of the variance due to each innovation; each row adds up to 100.
The lagt column of Table 4 shows the tota of the prediction error variance due to the euro-
area sock markets. After the euro, the variance of each euro-area stock market, except the
French one, is better explained by the sum of these euro-area markets. This increment is not
due to the French and Spanish stock exchanges having increased their reative importance
(percentage) in the variance of the euro-area markets. Badcdly, it is due to a higher
dependence of these stock markets on the German market during the post-euro period. So the
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relaive importance of the German stock exchange has increased as a consequence of the euro

introduction, while that of the rest of the European nationa exchanges has decreased.

Figure 1. Impulse Response Function (IRF) during the pre-euro period
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Figure 2. Impulse Response Function (IRF) during the post-euro period
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Table 4. Variance decomposition

Pre-euro period

Explained markets. Tooneinnovationin

Variance Sum of Euro-
Decomp. of: SE.[ GERMANY| FRANCE] ITALY SPAIN UK USA | areamarkets
GERMANY 32.309 89.237| 4,832, 0.107] 0971 0.538 4315 95,147
FRANCE 24.185 43.142, 53.093 0.107 0.510 0.299 2.849 96.852
ITALY 10.573 42.025 19.875 33.908 0.562 0.091 3.539 96.370
SPAIN 9.684 42.265 17.844 2.743 35.193 0.025 1.930 98.045
UK 20.610 32.244 13.282 0.686 1.548 48.801] 3438

USA 18.991 11.378 11.039 0.300 1.689 4534 71.061

Post-euro period

Explained markets. Tooneinnovationin

Variance Sum of Euro-
Decomp. of: SE.| GERMANY| FRANCE ITALY SPAIN UK USA| areamarkets
GERMANY 36.987| 97.076 (+)] 0.014(-) 0182 0.069(-)] 0.050(-)| 2.610(-) 97.340
FRANCE 32006 69.491 (+)| 26.382(-) 0047 0.015()| 0.045(-)| 4.021(+) 95.935
ITALY 9278 55511 (+)| 8.896(-) 33825 0.025(-) 0066 1.677() 98.257
SPAIN 8857 49.832(+)| 7.651(-)| 6.331(+) 34531 0087 1.568 (-) 98.345
UK 21610, 36.032(+)| 4.644 (1) 1.231(+) 0951| 51.571 (+)| 5.571(+)

USA 26.164 19.448(+)] 1.086(-) 0.118(-)] 0.027 (-)| 2.797 (-) 76.524

Arranging: Germany, France, Italy, Spain, UK, USA. S.E. istheforecast error of the
variable.

Each row represents the total variance of prediction error of each stock exchange, and each column indicates
the percentage of the variance due to each innovation. So each column shows the explanatory power of each
national market to explain each one market (in each row).

(+) The cases that suppose significant increases of explanatory power from the first period to the second.

(-) The cases that represent significant reductions.

Source: Own eaboration based on MSCI (Morgan Stanley Capita International) Equity Indices.

The process of European market integration could have affected the increasng weight of the
German market. For instance, the German stock exchange accounted for 43% of the variance
of the French one before the euro, and post-euro it represents amost 70% of the French
market’s variance. In the Italian exchange, this percentage went from 42% pre-euro to 55.5%
post-euro. And in the Spanish exchange, this relative importance of the German exchange
rose from 42% pre-euro to 50% post-euro. Therefore, the German stock market has become a
leading stock exchange ingde the euro zone. Moreover, this higher importance of the German
exchange after the introduction of the euro is not only in that euro area, but aso in other
European exchanges and extra-European markets. In fact, the percentages of the German
exchange that are accounted for by the UK and US stock exchanges have aso increased (from
32 to 36% for the UK market, and from 11 to 19% for the US market). However, the rest of
the European stock exchanges have lost power to influence the US stock exchange during the

second period.
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Regarding the UK stock exchange, where the euro has not been introduced as a currency, it
has reduced its relaive importance to influence the German, French and US stock markets
during 1999-2002. Findly, anadysing more deeply the US stock exchange, the percentages of
this US market that influence the euro-area stock markets has been reduced, except in the
French case. It could be due to an achievement of independence by these euro-area markets
from the US one. However, after the euro, the US stock market has incressed its relaive
importance to influence the UK market (an extra-euro market). These results are a some
variance with the main conclusons of Abraham and Pirard (2002: 23). They concluded “the
worldwide developments, originating in the US led by the technology stocks, have
overshadowed the launching process of the single currency during the three first years of the
euro” . These differences should be due to the fact that each study uses different stock indices,
mainly this work does not consgder the Nasdag index. On the other hand, the methodology
dso differs, because Abraham and Firard (2002) elaborated a correaion andyss, while this
sudy is based on a Vector Autoregresson (VAR) analyss and the estimation of the Impulse
Response Function for the various stock indices. Moreover, the different periods considered
in both sudies may dso explan thar different results. Anyway, both studies show that the
discussion on the euro-effect on the equity markets should be continued.

V1. Main conclusions.

The euro has clearly added to the pressures from technological change and globaisation for
the credtion of new dliances among Europes exchanges. This empiricd sudy confirms
sved reevant issues on the euro effect as an integrated element of the European stock
exchanges To sum up, the man findings of the empiricd andyds can be summarised as

follows:

1) The stock markets consdered presented a high degree of integration and efficiency
before the euro. Therefore both stock prices and voldtilities reflect idiosyncratic
characteristics of each stock market, and the euro does not incresse the degree of
correlation between them. On returns, however, the increase of the correlation after
the euro is noticed between the main stock exchanges. the German, French, Itdian,
Dutch and Spanish ones. It could be explained by the euro having increased the
posshilities of internationd diversfication of portfolios and the adjusment of
each exchange to the benchmark of the more efficient markets.



2) The explanatory power of the equity indices congdered on each equity index, after
the euro, has (i) declined in Germany, Audria and Switzerland; (ii) increased in
France, the Netherlands, Luxembourg, the UK, Ireland, Sweden, Denmark and
Finland; and (jiii) has been maintained in Itdy and Greece (with dight reductions)
and Portugd and Spain (with dight increases). Both DM and SF aress, before the
euro, were redly integrated and condituted internationd monetary references.
After the euro, the German stock exchange became the reference for the rest of the
European stock exchanges, and the euro substituted the DM. As a consequence,
Switzerland logt internationa weight, with respect to its stock exchange and its
currency. On the other hand, the northern and central European stock markets,
which were dready redly integrated before the euro, are more affected by the rest
of the markets after the euro due to the higher integration between the French and
Dutch gock exchanges, the smdl weght of the UK nationd currency, the
peripherd (and noneuro) character of the Swedish and Danish stock exchanges,
and, in generd, the mgor influence of the German stock exchange on dl of them.
The Southern stock exchanges are less influenced by the rest of the euro-area
exchanges due to their minor degree of previous integration with the northern and
centrd markets. But, as a consequence of the euro, the influence of the rest of the
stock markets on the Spanish one (where few foreign companies are quoted) has
increased dightly. However, this effect of al stock markets on the Itdian exchange
(with amagor weight of foreign companies) has been reduced dightly.

3) The short-run causdity relationships between the different stock markets tedtifies
to the leadership of the German exchange after the euro. Before the euro, the main
European stock exchanges (UK, French, Itdian, Swiss and Spanish) affected the
German market, and the US market had influence over dl of them. After the euro,
most of theses causations disappear and the US stock market reduces its influence
on the European markets. The non-euro stock exchanges (Swedish, Swiss and UK)
reduce their effects on the rest of the exchanges. And the Japanese stock exchange
becomes affected by al other exchanges. So the mgor weight of the euro area
implies a minor dependence of the national stock markets in Europe respect to the

US dallar, aswell asamgor influence of dl them as awhole on the yen area.

Definitdly the results confirm the basc hypothess of this work, which is the increasing
relationships between the European stock exchanges as a consequence of the introduction of
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the euro. The integration in EU equity markets has been mainly evident during the 1990s, but
the introduction of the euro has acceerated the intendty of te process. Moreover, the results
are in accord with those of previous studies, which show that the integration of European
sock markets has increased after the introduction of the euro, and that the German stock
exchange has become the leader market for the rest of the European markets.

However, despite progress, the transformation of 15 nationd stock markets into a single
European stock market is not yet complete. The EU’'s stock markets are sill governed by 15
different legd sysems and other mgor obstacles —egd, regulatory, tax or technica— to
cross-border activity within the EU result in some degree of segmentation. Moreover,
protectionist pressures are gill a work and evidence shows that investors in the EU equity
markets ill have a strong ‘home bias. There is dso an important degree of disperson in the
performance of national stock market indices, and since the beginning of 1999 there has dso
been a sgnificant degree of disperson in sectord performances. To achieve a mgor European
integration of sock markets it will be necessry to ensure equa access to market
infrastructure, such as trading platforms, clearing and settlement sysems, and to remove
unfar tax measures (as wdl as nontax adminidrative measures) which  represent
discrimination againgt cross-border suppliers. Harmonisation of rules essentid for investor
protection is aso important for both supply- and demand-side reasons.
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Appendix 1. Technical summary.

The return on aequity marketi, R, ,ismeasured by R, =log(l;; /1) [1]
where |, isthelast daily data of the index of the stock exchangei inthe day t.

The volatilities of stock exchanges are calculated, following Moreno and Olmeda (2002), asV, = R? [2]
where V,,isthe volatility of the stock exchangei in the day t.

The vector autorregression (VAR) is commonly used for forecasting systems of interrelated time series and for
analysing the dynamic impact of random disturbances on the system of variables. All variables have an identical
and symmetrical treatment, so the feed-back effect can be analysed. Because of that, this methodology is
especially useful to study markets series. The VAR approach sidesteps the need for structural modelling by
modelling every endogenous variable in the system as a function of the lagged values of all of the endogenous
variablesin the system. The mathematical formof aVARIis y, = Ay, 1 +.. + Ay, , + Bx +€§ [3]

where y, isa k vector of endogenous variables, x, isa d vector of exogenous variables, A,.., A, and B are

matrices of coefficients to be estimated, and € is a vector of innovations that may be contemporaneously

correlated with each other but are uncorrelated with their own lagged values and uncorrelated with al of the
right-hand side variables. Since only lagged values of the endogenous variables appear on the right-hand side of
each equation, there is no issue of simultaneity, and OLS is the appropriate estimation technique. Note that the
assumption that the disturbances are not serially correlated is not restrictive because any serial correlation could
be absorbed by adding more laggedy’s.

The stock exchanges are continually influencing each other; there is a permanent information flow. The earliest
stock exchange for trading each day is Tokyo, after the European exchanges (where the trading hours overlap),
and later the US stock exchange. So the earliest stock exchange for trading (Japanese and European) will affect
the early prices in the US stock market, and this last in turn will influence the former the next day, with a one
period lag. The definition of aVAR with two lagged values of the endogenous variablesis,
Yt = allYt-l + alZZt-l + bllYt-Z + blZZt- 2 + Cl + etY [4]
Zt = a'21Yt»1 + aZZZt-l + b21Yt» 2 + b22 Zt- 2 + C2 + qz
where the daily returns of whatever national stock merkets (Y, and Z,) arejointly determined by atwo variable

VAR; the only exogenous variable is a constant c; € and €’ are the uncorrelated innovations; and a, b, c are
the parameters to be estimated.

In this study, the main uses of the VAR in empirical applications are applied, such as the impulse response
analysis, variance decompositions, and Granger causality tests. The impulse response function traces the effect
of a one standard deviation shock to one of the innovations on current and future values of the endogenous
variables. A shock to the i-th variable (a country’s stock market return) directly affects the i-th variable, and is
also transmitted to dl of the endogenous variables (the rest of the national stock market returns) through the

dynamic structure of the VAR. A change in etY will immediately change the value of current Y, . It will aso
change &l future values of Y, and Z, since lagged Y, appears in both equations. In contrast, variance

decomposition decomposes variation in an endogenous variable into the component shocks to the endogenous
variables in the VAR. The variance decomposition gives information about the relative importance of each
random innovation to the variablesin the VAR. Then it is possible to identify the part of the prediction error that
is due to innovation in the same stock market or to others stock markets shocks. On the other hand, as correlation
does not necessarily imply causation, the Granger (1969) causality test approaches to the question of whether the
variable Y causes Z in a short term. This test consists of seeing how much of the current Z can be explained by
past values of Z and then seeing whether adding lagged values of Y can improve the explanation. Zis said to be
Granger-caused by Y if Y helps in the prediction of Z, or equivalently if the coefficients on the lagged Y's are
statistically significant. Note that two-way causation is frequently the case; Y Granger causes Z and Z Granger
causes Y. It isimportant to note that the statement “Y Granger causesZ” does not imply that Z is the effect or the
result of Y. Granger causality measures precedence and information content but does not by itself indicate
causality in the more common use of the term. The null hypothesis in the Granger causality test is therefore that
the variable Y does not Granger-cause the variable Z.



Appendix 2: Results of the correlation analysis.

Appendix 2.A. Correlation Matrix of daily equity market indices.

Above diagonal: Pre-Euro (1997/4/30 to 1998/12/31); below diagonal: Post-Euro (1999/1/1 to 2002/5/23)

AUS| BEL| DEN| FIN| FRA| GER| GRE| IRE| ITA| JAP| LUX| NET|POR| SPA|SWE[ SWI| UK| USA
AUSW 0.42] 0.81] 045 068 0.76] 0.58] 0.79 0.68[ -0.40] 0.67] 0.86] 0.78] 0.72] 0.92] 0.71] 0.75] 0.56
BEL™®| 0.89 0.65| 095 093] 089 088 074/ 089 -0.70| 0.81] 0.69| 0.80| 0.88 0.49| 0.85 0.68 0.87
DEN®| -0.32| -0.19 0.66| 0.82 0.86( 0.0 0.91] 090 -0.71] 0.70| 0.89| 0.93 0.88 081 090/ 094 0.82
FIN® | -0.23) -0.05 0.72 0.92| 0.87| 0.90[ 0.80| 0.89| -0.63| 0.80| 0.76| 0.79| 0.88 0.58/ 0.86| 0.74| 0.92
FRA®W| -0.04| 0.14] 0.82| 0.93 0.98] 0.89] 0.89 0.96| -0.70| 0.90| 0.88 093] 0.97| 0.74| 0.94| 0.85 092
GER®W| 0.27| 043 059 082 090 0.87| 0.90| 0.95 -0.68] 0.87| 0.92| 0.93 095 081 094/ 085 0.89
GRE®| 0.63| 0.75 0.10[ 040 0.49 0.73 0.74] 081 -051| 0.85 0.75| 0.74] 084 0.65| 0.76| 0.63 0.78
IRE® | 0.87| 0.90| -0.28] -0.09| 0.05| 0.41] 0.69 0.94] -063 0.78] 0.92| 094/ 095 083 093 096 092
ITA® | 042 056 053 067| 0.82 090 0.64f 0.51 -0.77| 0.82[ 0.88 096 098 074 097 0.92[ 0.95
JAP®| 0.20| 0.34| 0.59| 0.79| 0.86| 0.87| 0.77| 0.29| 0.75 -0.57| -0.51| -0.73| -0.68| -0.35| -0.71| -0.64| -0.68
LUX®| -0.17| -0.03 0.79| 0.87| 0.92| 0.78 0.31f -0.10| 0.70| 0.73 0.76| 0.81] 0.6 0.69 0.80| 0.73| 0.75
NET®| 044| 058/ 057 0.68 084 090 0.75 0.49| 0.93| 0.86| 0.70 0.90| 0.90| 0.94f 090 091 0.85
POR®| 062 0.78] 0.23| 0.46| 0.60| 0.82 0.76| 0.73| 0.89| 0.62| 0.46 0.81 0.96| 079 0.95 0.93 0.88
SPA®| 053 066 041 062 075 092 0.80| 0.63| 0.91| 0.78/ 0.60| 0.90| 0.93 0.77] 097 091 0.94
SWE®?| -0.09] 0.10| 0.72| 0.96| 0.96| 0.90| 052| 0.04| 0.75 0.86| 0.92| 0.77| 058 0.73 0.76| 0.82| 0.69
SWI®| 068 083 024 031 052/ 065 068 070 0.82 0.54/ 0.34] 0.84| 0.84] 0.79 0.40 0.93| 0.94
UK®@ | 072| 0.83] 0.15 0.40| 054/ 076 0.89( 0.78| 0.80| 0.73| 0.36] 0.86| 0.86| 0.88 0.53[ 0.86 0.90
USA®| 0.31] 046| 056 0.76] 0.86] 0.89 0.72| 0.40| 0.84] 0.91] 0.76| 0.93] 0.72| 0.85) 0.85[ 0.70| 0.82

) Euro-area countries (12). *“ Other EU countries (15). * Other financial areas (USS, ¥ and SF)
Source: Own eaboration based on MSCI (Morgan Stanley Capita International) Equity Indices.
Appendix 2.B. Corrdation Matrix of daily returns on different stock markets.

Above diagonal: Pre-Euro (1997/4/30 to 1998/12/31); below diagonal: Post-Euro (1999/1/1 to 2002/5/23)

AUS| BEL| DEN| FIN| FRA| GER| GRE| IRE| ITA| JAP| LUX| NET| POR| SPA[SWE| SWI| UK| USA
AUS® 053] 053] 059] 053] 0.65] 0.33] 053] 050[ 0.26] 0.36] 0.54] 056 0.55| 0.51] 057| 0.47] 0.15
BEL® | 0.44 0.53| 057 0.64 065 038 049 060 035 040 065 058 059 056 0.68 057 0.27
DEN® | 0.40 0.46 0.58] 054/ 063 032 047| 057 024/ 029 057 052/ 055 052 056 051 023
FIN® | 013 023 030 0.66| 0.70| 0.36| 057| 0.64/ 031 032 068 052 058 074/ 063 061 0.35
FRA®W | 039 055 052 0.60 0.68] 0.32| 046 073 031 031 071 061 0.73] 072 0.71] 0.66| 0.38
GER®W | 035 053] 049 051 0.82 0.33| 053] 065 031 040 0.72| 059 065 067 073 0.63 0.31
GREY | 021 028 027] 019 027/ 0.26 0.36| 033 0.5 0.27| 0.30] 0.35| 0.36 0.34[ 0.29] 0.6/ 0.15
IREY | 038 044 042 028 045 043 0.29 0.46| 0.25 0.38| 048] 0.47| 043 048 047 054 0.16
ITA® | 036 053 046 0.46| 0.80| 0.75| 0.28| 0.42 0.25| 0.26| 0.66| 0.61] 0.72| 0.65] 0.69 0.61] 0.29
JAP® | 007 009 015 020/ 015 0.12[ 0.21] 018 0.11 0.32| 029 0.34[ 025 033 029 031 008
LUX®D | 017] 024 0.22] 0.20| 0.33| 0.28] 0.8/ 0.23 0.29| 0.12 0.25| 039 0.29( 0.27| 0.30| 0.27| -0.08
NET® | 038 0.60| 0.0 051 0.79| 0.76| 0.29| 0.49| 0.75| 0.15( 0.31 0.56| 0.67| 0.68/ 0.74/ 0.71| 0.36
POR®™| 036 0.43| 044 040 060 056 028 038 054 011 0.21| 052 0.65| 055 0.60| 050 0.22
SPA® | 040/ 052 0.47] 051] 0.79| 0.72| 0.29| 0.41 0.76| 0.10| 0.26( 0.72| 0.60 0.63] 067 059 0.36
SWE?| 0.26] 0.34] 043 070 068 0.62] 0.21] 035 057 022 0.28| 059 0.46 0.8 0.68| 0.65] 0.37
SWI® | 035 061 047| 038 064 0.66 026 046/ 065 0.12| 0.23| 069 048 063 048 0.66| 0.34
UK® | 028 043 040 050| 0.69| 0.67| 0.21] 043 062 0.13[ 021 069 043 0.60| 056 0.62 0.37
USA® | 003 020] 0.14] 0.26] 035 0.41] 0.06] 0.13 0.32| 0.09] 0.07| 0.32| 0.8 0.32] 029 0.28 0.37

“J Euro-area countries (12). ' Other EU countries (15). ¥ Other financial areas (USS$, ¥ and SF)

Source: Own eaboration based on MSCI (Morgan Stanley Capital Internationa) Equity Indices.
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Appendix 2.C. Correlation Matrix of voldtilities between the different ssock markets.
Above diagonal: Before-Euro (1997/4/30 to 1998/12/31); below diagonal: After-Euro (1999/1/1 to 2002/5/23)

AUS| BEL| DEN| FIN| FRA| GER| GRE| IRE| ITA| JAP| LUX| NET| POR| SPA|SWE| SWI| UK| uUsA
AUS® 0,39 0,82] 0,41 0,77] 069 059 0,79 0,69 -040] 0,68 0,87 0,80] 0,73] 0,92| 0,71] 0,74| 0,55
BEL® | 0,88 0,62 095 086 092 088 0,72 0,88 -0,67| 0,80 0,67 0,76 0,86 047| 0,84 0,65 0,87
DEN® | -0,34| -0,23 0,61/ 085 081 062 091 089 -0,70, 0,71 0,89 0,93 0,87 0,83 0,89 0,94 0,80
FIN® | -0,25 -0,20[ 0,68 0,83 0,90, 0,90, 0,77| 0,87 -059] 0,77| 0,72| 0,73| 0,86 0,554 0,84| 0,70| 0,91
FRAW| 020 0,34 059 0,84 0,97| 0,88 0,88 095 -0,66] 0,88 092 092 095 0,82 094 0,84 0,88
GER® | -0,09| 0,06| 0,82| 0,92| 0,89 0,90 0,89 0,97| -0,68] 0,90 0,88 0,91 0,97 0,75 0,94 0,84 0,92
GRE® | 058 0,67| 0,04 0,33 0,64 040 0,76/ 0,85 -0,51| 0,85 0,77| 0,75 0,86 0,66 0,79 0,64 0,81
IRE® | 0,89| 0,91| -0,32| -0,11| 0,33 -0,02| 0,62 0,93| -0,63| 0,78 0,93 0,93 094/ 0,84 093 096 091
ITA® | 038 051 054 067 088 081 053 047 -0,75| 0,84| 0,89 0,95 0,98 0,75 097 091 0,94
JAP® [ 0,14] 0,26| 0,57| 0,79| 0,86| 0,85 0,73| 0,21| 0,71 -0,56| -0,51| -0,70| -0,66| -0,37| -0,70| -0,64| -0,67
LUX@D | -0,23 -0,11| 0,74| 0,84| 0,74 0,89 0,19 -0,17| 0,65/ 0,69 0,77/ 0,82 0,86 0,70 0,82 0,73 0,76
NET® | 040 052 058 067 087 084 067 043 0,92| 0,84 0,64 0,90, 0,91 0,94/ 0,90 0,90, 0,84
POR™| 061] 0,77 021 044 078 055 065 0,73 0,86/ 0,56/ 040 0,77 0,95 0,81 094 092 0,86
SPA®| 050 062 041 062 090 0,74 0,72 059 0,90 0,76/ 055 0,88 0,91 0,79 0,97 091 0,94
SWE®| -0,15 0,01 0,70 0,96| 0,90| 0,95/ 0,43| -0,02| 0,73| 0,85/ 0,90 0,73| 0,53 0,71 0,77 0,82 0,68
Swi®| 0,68 081 024 025 057 046 059 0,70 0,79 0,48 0,26 0,82| 0,81 0,76 0,31 0,92| 0,93
UK@ | 0,72| 0,80 0,13 0,37| 0,70, 0,550 0,84| 0,77| 0,76| 0,70 0,28| 0,84 0,82 0,86 0,45 0,84 0,89
uUsA®| 027 039 057 0,75 086| 085 064 034 082 0,90 072 0,92| 066/ 0,83 0,81 0,66 0,80

Y Euro-area countries (12). '“ Other EU countries (15). ¥ Other financial areas (USS, ¥ and SF)
Source: Own eaboration based on MSCI (Morgan Stanley Capita International) Equity Indices.

Appendix 3. Short-run causdity relationships. Granger causdity

Before |AUS| BEL| DEN| FIN| FRA| GER| GRE|[ IRE|[ ITA| JAP| LUX| NET| POR| SPA| SWE SWI| UK| USA
Euro

AUS 0,86 0,63 297 241 0,75 1,53| 4,52| 0,78 0,24 1,46 1,36 0,16 2,61 2,11] 0,61 2,03|26,79
BEL 0,81 0,11 045| 5,13| 1,30 1,32 4,50( 1,19 1,12 1,05 2,03 0,11 7,83| 0,56 1,01 1,62/13,81
DEN 2,35 1,09 0,08 1,98 0,09 045 4,78| 155 6,74 1,20 1,13 1,11 2,29 0,44 0,99 7,27(11,76
FIN 0,76 2,96/ 0,22 1,51 094 0,70 5,78 0,67 3,43| 2,09 0,14 2,36| 2,02 1,44 1,89 243/41,31
FRA 1,84] 0,52 0,96 1,05 2,96 2,25(10,79] 1,38 2,13 1,69 0,84 4,55| 3,16/ 0,90 0,51 1,17[16,32
GER 1,36/ 1,80 1,24 0,89(20,26 0,46(10,76( 8,81| 145| 1,41 8,40| 4,52|17,75 8,39| 5,84| 8,88(37,51
GRE 1,50| 7,58 2,37(12,58(17,74{13,89 4,80(10,77| 0,32 3,77( 8,43| 7,38(13,41{10,96/11,07| 9,96/20,33
IRE 2,36/ 4,31 3,07|12,76|12,26|13,35| 5,14 5,73 051 0,31 8,28| 5,22(20,29(12,42(11,35(18,47(68,42
ITA 0,39 0,22] 0,331 0,09 259 246 1,75 5,97 2,82 0,36 1,21 1,27 5,87| 2,60] 1,59 3,09/21,98
JAP 5,75/ 4,68| 6,79| 4,63|10,59| 6,14| 5,76 2,32 4,74 1,62|12,57| 4,81| 8,42|11,62(13,83(15,60(10,98
LUX 3,63| 16,4| 3,58(11,13|23,95|14,39] 1,84 2,60[10,91| 1,82 13,30[12,13|17,08({11,67[17,32(15,95(22,25
NET 0,83 0,94 1,791 0,27| 5,72 0,04 0,24(14,64 157 2,71 1,92 2,95 6,59 1,03[ 1,70 6,54(22,49
POR 0,06 0,79] 0,93 054 2,70 2,13 4,25 2,56 0,36 2,08/ 1,30] 2,30 5,23| 0,831 0,88 2,28/12,42
SPA 0,81 0,00 0,20 0,41 0,79 4,48| 4,10 5,24 0,36 1,75 0,44| 2,37 1,08 3,50 0,01 0,49(10,53
SWE 2,50 0,27 0,85 0,34/ 1,33 0,86/ 0,68 8,70 0,21 3,59 0,32 3,05 2,66 1,67 0,85 2,89(16,76
SWI 0,22 0,21 0,97 0,58 2,26| 1,27 0,86 7,71 0,71 1,61 0,02 3,44 1,75 4,67 1,26 1,39 8,86
UK 2,62 0,06 0,27] 024| 062 1,10 1,49 5,91| 04| 2,12 0,67 2,32 1,75 1,38 243| 0,17

USA 0,91 1,96/ 0,15 0,16| 2,15 0,59 1,78 0,32 1,71 0,11] 0,60 2,27] 0,90, 3,04 1,58 1,64 4,18(19,17
After |AUS| BEL| DEN| FIN| FRA| GER| GRE| IRE| ITA| JAP| LUX| NET| POR| SPA| SWE SWI| UK]| USA
Euro

AUS 1,19 1,27 154 048 0,23 0,05 1,12 0,14 1,03 0431 035 0,34 092 036 2,74 1,58 7,93
BEL 1,41 3,55| 4,39 1,40 1,06 2,56 3,89 0,72| 2,72 0,56/ 0,20, 094 0,37 1,61 2,21 0,70{11,61
DEN 3,06 0,57, 5,22| 4,72 1,43 0,59 0,60 0,94| 4,32| 4,13| 1,35 053] 055 4,11 0,87 0,43(24,55
FIN 1,64| 1,30 2,04 2,88 8,07 2,37 0,98 3,34| 8,39| 246| 0,38 4,50 2,32 2,31 1,12 4,41(59,78
FRA 2,24 1,98 1,41| 3,89 6,46| 1,96 3,08 1,49 8,38 0,25 0,09] 051 0,62 5,37 2,33 1,12/36,16
GER 0,49(3,62| 1,54 0,62 0,28 3,06 0,46 1,25 5,85 0,91 0,000 056/ 1,44 0,60 2,59 1,23(21,54
GRE 2,86/ 5,76| 2,19| 3,45| 8,80/10,59 2,20l 3,33 0,18 1,32| 4,58| 2,76 3,50 2,80 6,74/10,63]29,41
IRE 1,04/ 7,31 0,31 0,08 4,03 7,76| 0,40 3,35/ 0,18 0,19 4,42| 0,66 5,60 1,43(12,06(11,22(35,83
ITA 0,50( 2,41 0,831 1,67 0,16 1,10 1,52 0,40 3,33 045 0,27 0,61 055 1,15 3,31 0,74{12,88
JAP 3,18/ 12,9| 4,42|17,37|37,09|37,90 5,19| 2,59|22,89 4,52(26,05( 6,70(17,67|16,39|13,51|31,69|46,05|
LUX 5,03| 1,11 0,21]16,71]12,92|10,96] 2,50 5,29| 4,91| 7,75 2,89 2,82 3,23(18,37[ 1,35 2,68|16,40|
NET 0,38| 3,45 042 1,65 0,90| 2,75 1,94 0,77 2,95/ 7,07 0,15 1,01 1,71 1,44 2,73 2,31|38,29
POR 7,78| 1,32 0,28/ 047 005 1,60 1,83 1,04/ 1,30 3,75 0,49 0,61 0,29 0,38 1,000 0)56| 8,53
SPA 2,83 0,91 0,16 144] 1,85 1,29 3,75 057 1,21 4,23 0,09 1,13| 4,86 0,69 1,29 2,12(14,72
SWE 2,23 2,09 3,59| 0,37] 5,56/10,70 3,52| 0,68 5,03| 5,15 3,98 1,15 4,75| 4,87 0,91 8,63(61,27
SWI 1,35 1,81 0,41 3,21 1,60 0,52 0,66/ 0,60 2,80( 3,10( 0,13 145 2,21 0,07] 2,16 0,82(10,11
UK 0,96 3,90 0,96/ 0,23 0,38 0,13 2,65 0,92 0,25 3,31| 1,41 0,30] 2,32] 0,82 0,92 2,21 40,73
USA 0,50(3,78| 0,27] 0,71 1,10 2,34 3,09 1,67 3,13| 4,56| 0,131 2,15| 3,42| 3,86 1,75 1,89 3,36

Each cell, Cj, presents an F-statistic value that tests the null hypothesis, Ho, that the stock market in column j does not Granger cause the
stock market in row i. F values in bold denote rejection of Ho at 5% significance level.

Source: Own eaboration based on MSCI (Morgan Stanley Capital International) Equity Indices.
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